A quantum-dot cellular automata(QCA) is important technology to be with CMOS. QCA is expected to reach very high operating frequencies and significant reduction of power consumption. Reversible logic is an one-to-one mapping between the input and output vectors. Reversible logic is significant in QCA circuit with almost zero power dissipation. In this paper we propose a new reversible gate using multilayer structure. The multilayer based wirecrossing technique uses crossover bridge technique. The structure of this technique can be more miniaturized than coplanar based structure. Our proposed reversible gate requres only 102 cell counts, which is 58.5% more area efficient than the previous work. The main target of designing reversible gate is to decrease the number of cells. Our new reversible gate is suitable for design a reversible full adder.
Introduction
Over the past several decades, VLSI has been enhanced by CMOS technology as the most important technology. However, new technologies need to replace the basic physical limitations of CMOS devices [1] . Quantum-dot cellular automata(QCA) is one such nanotechnology that is proposed to surmount CMOS circuit designs [2] . QCA has many advantages over CMOS technology. It includes high speed and low power consumption. The advantage of QCA is that it can replace current computers with physical limitations [3] . QCA can designs existing digital logic circuits using nano-scale cells to perform various operation. The basic building block of every QCA circuit is majority gate and every QCA circuit can be built using majority and inverter gate.
A reversible circuit does not lose information, it is possible to generate a unique output vector from each input vector, and vice versa (ie there is a one-to-one mapping between input vector and output vector) [4] . Landauer shows that in irreversible logical calculations, each bit of information generates kT ln 2 joules of thermal energy. Here, k is the Boltzmann constant, and T is the absolute temperature at which calculation is performed [5] . Bennett showed that energy dissipation of kT ln 2 does not occur if the calculation is performed in a reversible manner [6] . In modern times reversible logic has attracted attention. It is applied to a wide range of research fields such as low power CMOS circuit, quantum computing, nanotechnology, DNA computing. It is impossible to construct a quantum circuit without a reversible logic gate. In reversible logic circuits, synthesis of reversible logic circuits is much more complicated than traditional irreversible logic circuits, as it is not allowed to use fanout and feedback [7] . Although the power dissipation of the current CMOS circuits is much higher than kBTln2, in the near future with ultimate scaling of feature size and power consumption based on emerging nanotechnologies, this theoretical limit may become a major restriction [8] ,
Background

QCA Design Scheme
A quantum cells consist of four quantum dots placed at the corners of a square and two electrons that can tunnel between two quantum dots [9] . Typically, two electrons are injected into the cell, where two dots are occupied at the two ends of one of the diagonals of the cell containing the cell. These two electronic configurations are acclimatized to encode binary information within the cell. Figure 1 shows the boolean nature of the polarization of the QCA cell and the two electron arrangements [10] . Figure 2 shows an arrangement of cells acting as inverters. The signal is input from the left side of the binary line and is divided into two parallel lines offset from the original line. Since the input wire extends one cell beyond the beginning of the offset wire, the alignment effect dominates at the branch point [11] [12] .
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Reversible Logic
A reversible circuit has a one-to-one correspondence with the same number of inputs and outputs. [13] . Reversible logic supports the procedure of running the system between forward and backward. This means that reversible computations can make inputs from outputs and can stop and go back to any point in the computation history. Hence, reversible logic circuits provide an alternative that allows computation with arbitrarily low energy dissipation. In addition, reversible circuits are of major interest in optical computing, low power design, quantum computing and nanotechnology based systems [14] .
Previous Reversible Gate
The previous design of a fredkin gate is shown in Figure 4 [4] . This is a 3 3 reversible gate with input vector A, B and C and output vector P, Q and R. The presented QCA structure uses a coplanar wire crossing scheme. The design uses six majority gates and it is consists of 246 cells. 
Proposed Reversible Logic
We propose a new reversible gate to design a reversible full adder. The block diagram of the proposed reversible gate is shown in Figure 5 . The inputs are A, B and C and the outputs are P, Q and R. The design of the reversible gate is used a NAND gate in output R. The layout of proposed reversible gate and simulation result are shown in Figure 6 . It is consists of 102 cells and used multilayer wire-crossing. 
Conclusions
This paper presented the novel reversible gate. Reversible logic is significant in QCA circuit with almost zero power dissipation. The comparison of the mentioned reversible gate is shown in Table 1 . Our circuit has an outstanding improvement on the number of cells and total area. Specially, we have 58.5% improvement in the total area and we have also used wire-crossing technique. The proposed design has significant advantages with the small area, circuit complexity.
